ABSTRACT Assays with a captive Vespula germanica (F.) colony indicated that foragers were more strongly attracted to pear aged 24 h than to 0-or 48-h-aged pear. Sixteen chemicals found in 24-h pear and other foods were tested for their attractiveness to social wasps in a series of four trapping trials in rural and urban settings in Wisconsin. Workers of V. germanica, V. maculifrons, Dolichovespula maculata (L.), and Polistes fuscatus (F.) were most strongly attracted to isobutanol with 0.5% acetic acid added to the drowning solution, conÞrming previous work. We report for the Þrst time that males of V. maculifrons were trapped in signiÞcant numbers by the isobutanol ϩ acetic acid combination. None of the tested compounds found in ripe pear was shown to be especially attractive to V. germanica or V. maculifrons workers or males. However, 2-methyl butanol, a compound similar in structure to isobutanol, was found to attract V. germanica and V. maculifrons workers as well as V. maculifrons males. Furthermore, V. vidua (Saussure) differed from the other species in that it was not attracted to the isobutanol ϩ acetic acid combination, but was caught in traps baited with 2,4-ethyl decadienoate. This supports earlier evidence suggesting that vespine species are not all alike in their responses to olfactory cues. Our results, taken together with previous work, indicate that some food-borne volatiles may modulate the stimulatory or inhibitory effects of others, suggesting that the search for strong attractants may be furthered by experimenting with combinations of compounds.
YELLOWJACKET WASPS (Vespula Thomson and Dolichovespula Rohwer) frequently are nuisance pests to people working and playing outdoors in late summer. This is especially true of members of the V. vulgaris species group, whose colonies are large, persist well into the fall season, and scavenge on carrion (Akre and Davis 1978 , Edwards 1980 , Akre et al. 1981 . These species are particularly aggressive in scavenging at garbage and on human foods, thus bringing them into close contact with people Davis 1978, Akre et al. 1981) . The problem has been exacerbated in recent decades, as members of this group, especially V. vulgaris (L.), V. pensylvanica (Saussure), and V. germanica (F.), have invaded new regions. One or more of these species have become established in Australia, New Zealand, HI, South Africa, North America, Argentina, and Chile (Thomas 1960 , Peñ a et al. 1975 , MacDonald et al. 1980 , Nakahara 1980 , Gambino et al. 1990 , Spurr 1991a , Tribe and Richardson 1994 . V. germanica and V. vulgaris recruit nestmates to food sources at low levels (Maschwitz et al. 1974, Overmyer and Jeanne 1998) , a social trait that may compound their impact as nuisance pests.
Toxic baiting is the best approach for controlling these wasps (MacDonald et al. 1980 ), but requires an effective bait (Howell et al. 1974 , Ross et al. 1984 , Spurr 1991b , Weston et al. 1997 . Use of food baits has serious drawbacks: foods spoil or desiccate (Ross et al. 1984 , Reid and MacDonald 1986 , Harris et al. 1991 , Spurr 1995 , do not compete well with natural food sources, and may attract beneÞcial insects such as bees (Spurr 1996) . These problems have led to the search for chemical attractants. An early effort based on a massive screening of compounds led to the discovery of a few chemical attractants for V. pensylvanica (Saussure), most notably heptyl butyrate (Davis et al. 1967 , 1972 , MacDonald et al. 1973 . However, heptyl butyrate is ineffective in attracting V. germanica, V. vulgaris, V. squamosa (Drury), and V. maculifrons (Buysson), (Grothaus et al. 1973 , Howell et al. 1974 , Perrott 1975 , Spurr 1996 .
More recent efforts have attempted to isolate the chemical attractants in attractive foods. Perrott (1975) tested extracts of attractive foods and chemicals related to foods, such as trimethylamine (a meat degradation product), but without success. Other tests of meat extracts and prey volatiles in New Zealand and the U.S. have also had no success (Ross et al. 1984 , Spurr 1995 . Landolt (1998) , however, found isobutanol (IB), a volatile component of fermenting molasses, to be very attractive to workers of V. germanica, especially when used in traps containing a drowning solution of water plus 0.5% acetic acid (AA). V. pen-sylvanica was also attracted to IBϩAA, although not as strongly as to heptyl butyrateϩAA. In follow-up tests in Washington state, MD, and Oklahoma, Landolt and coworkers have shown IBϩAA to be attractive to a number of species in four genera [Vespula germanica, V. pensylvanica, V. maculifrons, V. squamosa, Dolichovespula maculata (L.) , Vespa crabro L., Polistes aurifer Saussure, P. fuscatus (F.), P. perplexus Cresson, P. annularis (L.), and P. dominulus (Christ)] (Landolt 1998 . For some species, acetic acid and isobutanol, each tested alone, were more attractive than the control, but the strongest attraction occurred when these two were used in combination in the traps.
In the study reported herein we extended the search for chemical attractants among foods by testing several volatiles in ripe pear, as well as compounds structurally related to isobutanol. We used IB ϩ AA as a standard, and at the same time tested the attractiveness of IBϩAA on V. germanica as well as native wasp species in the US Upper Midwest. We found two of the tested compounds to be attractive to some species, although not nearly as attractive as IBϩAA.
Materials and Methods
Attractiveness of Aged Pear. Ripe fruit attracts yellowjacket foragers (Edwards 1980). We investigated pear baits of different ages to determine the age that was maximally attractive to wasps. To make the pear baits, 13 kg of whole, ripe (slightly soft) Bosc variety pears were macerated to a uniform mash to control for variation between individual fruits. We removed 135 samples of 10 g each from the mash and divided them into three age groups: 0 h (fresh), 24 h, and 48 h. The stages for bait aging were chosen to encompass the range of aging and associated odors for fruit (R. Lindsay, personal communication). The fresh category pear baits (aged 0 h) were packaged immediately to prevent further aging. These baits were sealed in zipper-close plastic bags with the air removed, and stored in a freezer at Ϫ17ЊC. The remaining samples were aged by placing them in an incubator at 30ЊC for 24 or 48 h. After aging, each sample was packaged and stored frozen. Baits were thawed for 24 h under refrigeration before use.
All trials were conducted with a V. germanica colony collected from the University of Wisconsin (UW) campus in Madison, WI, on 22 July 1997 and maintained in a screen tent (7.0 ϫ 3.0 ϫ 2.4 m) at the UW Arboretum, Madison. The colony was housed in a wooden nest box (designed after Akre et al. 1976) . Workers were constrained to forage inside the tent, where access to food sources could be controlled. Colonies were maintained on a variety of foods, including honey, cooked turkey and ham, and sweepnetted grasshoppers and crickets.
Trials of 30 min were conducted in early morning or mid-afternoon. Maintenance food sources were removed from the tent before each trial. One sample of each of the three bait types was placed in its own petri dish (10 cm diameter). Dishes were spaced 5 cm apart and positioned in random order on a tray 60 cm above ground and Ϸ2 m from the nest box.
The identity of individual foragers and the bait they visited were recorded during the observation period. A visit was scored when a yellowjacket landed on the bait. The Þrst bait chosen by a worker was the only visit scored for that worker. Foragers were caught in glass vials after landing, uniquely marked with DecoColor paint pens, and held in an ice chest until the end of the trial. Forty-Þve trials were conducted between 22 August and 30 September 1997.
The numbers of individuals visiting each type of bait in the 45 trials were compared using chi-square analysis (SAS Institute 1999). We tested the null hypothesis that the attractiveness does not vary with age of the pear. Abundant chemicals from the most attractive pear age (Shiota 1990) were chosen for attractiveness testing.
Attractiveness of Volatile Chemicals. Four trials were conducted in Dane County, WI, in 1998 to test yellowjacket attraction to selected volatiles in ripe pear. Each trial included isobutanol with 0.5% acetic acid drowning solution (IBϩAA) as a standard because of the strong attractiveness of this combination to some species of yellowjackets (Landolt 1998 ). The Þrst trial tested chemicals that were dominant in or characteristic of the attractive stage of pear (Shiota 1990 ). These chemicals found to be most attractive in the Þrst trial were then tested in the second trial to more fully resolve their attractiveness and in the third trial to examine the effect of adding acetic acid to the drowning solution. The fourth trial tested an additional set of chemicals, including the chemical product of isobutanol and acetic acid and other chemicals chosen for their structural similarity to isobutanol.
All trials were conducted in two habitats to maximize the number of species tested. Yellowjacket species composition varies from urban to rural areas (Parrish and Roberts 1982) . V. germanica is frequently the most abundant yellowjacket in urban areas because it more commonly accepts structures as nest sites than do native species (Morse et al. 1977 , Keyel 1983 The trap/chemical dispenser system was adapted from Landolt (1998) . All trials used a commercially available trap, the Yellowjacket Trappit Dome Trap (Agrisense, Fresno, CA). Each trap was modiÞed by gluing a pushpin inside the dome top. A hollow polyethylene cap (No. 60975 d-3, Kimble Glass Co., Vineland, NJ) was injected with 1 ml of chemical to be tested and pushed onto the pin. It was assumed that the chemicals diffused through the polyethylene directly or through the injection puncture. Each trap contained 200 ml drowning solution (DS), consisting of water with 0.05% Palmolive concentrated dishwashing liquid, Colgate-Palmolive, NY, NY). Drowning solution was augmented as needed.
Chemical treatments were assigned randomly to traps, which were randomly assigned to positions within a site. Traps were placed in trees at heights of 1.5Ð 4 m and at least 10 m apart. Traps were moved randomly among positions every two days to control for variability in forager density within the site. Before trap movement, all wasps were removed from each trap and transported to the lab in plastic bags for identiÞcation to species, sex, and caste. Trial one lasted 19 d; each of the other trials lasted 16 d. On days six and 14 of trial one and on day eight of trials 2Ð 4, chemicals and caps were replaced to compensate for loss due to volatilization, which could vary for each chemical.
Trial 1: Attractiveness of Chemicals in Attractive Food. The objective of the Þrst trial was to determine if chemicals that are present in pears are attractive. We found that the middle stage of aging pear (24 h) was the most attractive to yellowjackets (see Results). Our 24-h aged pear approximated stage three of Shiota (1990) , so we tested six chemicals that Shiota found to be abundant in that stage: propyl acetate (PA), butyl acetate (BA), hexyl alcohol (HL), hexyl acetate (HC), ethyl acetate (EA), and ␣-farnesene (FA) (Shiota 1990) . Because yellowjackets are attracted to sweets, fruits, meats, and beer (Spurr 1996 , S.E.D., unpublished data), we tested four additional chemicals that are characteristic of sugar and some fruits (R. Lindsay, personal communication). Furaneol (FU) is a sugar derivative that is also characteristic of maple syrup and ripe strawberries (Eriksson 1979) and is present in beef (Tonsbeek et al. 1968 ) and beer (Maarse 1991) . Sugar furanone (SF) is a characteristic component of cane molasses (Tokitomo et al. 1984) . ␤-damascenone (DA) is characteristic of apples (Maarse 1991) and is present in pear (Lindsay 1985) . Also characteristic of pear is 2,4-ethyl decadienoate (ED) (Shiota 1990 , Maarse 1991 . In addition, to these ten chemicals, a control consisting of an empty cap plus drowning solution, and a standard (IBϩAA) were included. These twelve compounds were tested 29 July through 17 August 1998 at Capitol Square and Verona Orchard, using 48 traps: two repetitions of 12 treatments at each site.
Trial 2: Comparison of Attractive Chemicals. The purpose of this trial was to gain greater resolution among HL, HC, and ED, the three chemicals shown in trial one to have the greatest attraction. A control and IBϩAA were included. These Þve treatments were tested 18 August through three September 1998. For this trial the third site, Vilas Zoo, was included to increase the number of yellowjacket populations sampled. This trial used 60 traps: Þve treatments with four repetitions each at each of the three sites.
Trial 3: Effect of Acetic Acid. The objective of this trial was to determine if adding acetic acid to the drowning solution of the chemicals tested in trial two increases their attractiveness. Treatments consisted of 1 ml chemical in the cap (HL, HC, ED, IB) and 0.5% acetic acid drowning solution (DSϩAA). One control contained no chemical in the cap plus DSϩAA, while a second control contained no chemical plus DS. These six treatments were tested eight September 1998 at Capitol Square and Verona Orchard. In this trial 60 traps were used: six treatments with Þve repetitions each at each of the two sites.
Trial 4: Comparison of Structurally Related Compounds. This trial tested the attractiveness of an additional set of compounds, chosen on the basis of their structural relatedness to isobutanol. The breakdown of valine produces isobutanol and isobutyric acid, which naturally combine in fruit with acetic acid or ethanol to form isobutyl acetate (IA) and ethyl isobutyrate (EI), respectively (R. Lindsay, personal communication). 2-methyl butanol (2MB) and 3-methyl butanol (3MB) are one carbon larger than isobutanol and differ from one another in the placement of the methyl group. These four chemicals were tested against the standard (IBϩAA) and the control with drowning solution only. We also included a treatment with 1 ml of Mountain Dew (MD) soda (Pepsico Inc., Purchase, NY), because several Madison area residents reported seeing yellowjackets foraging on this type of soda (S.E.D., unpublished data). These seven treatments were tested 25 September through 11 October 1998 at Capitol Square and Verona Orchard. This trial used 56 traps: seven treatments with four repetitions each at each site.
Each trial was structured as a completely randomized design. The raw data used in all analyses were the total numbers of insects caught in a given trap summed over all 2-d collection intervals. All sites and species were analyzed separately. We performed one-way analysis of variance (ANOVA) analyses on all of our comparisons. However, because of the non-normality of the data, particularly as exempliÞed by the large number of "0" values, we could not use a normal error structure. Instead we used a Poisson error structure and implemented this with SAS PROC MIXED using the GLIMMIX macro (SAS Institute 1999). Pairwise comparisons were subjected to the t-test, obtained from the same implementation. We report results using signiÞcance criteria at both the 0.05 and 0.10 levels. Due to the small sample sizes (number of traps per treatment) and the substantial inherent variability, it was felt that there was meaningful information among the comparisons with a P value between 0.05 and 0.10.
The effect of adding acetic acid to the drowning solution used with the three most attractive of our compounds was analyzed by comparing catches in trial two (without acetic acid) to those in trial three (with acetic acid). We limited the analysis to V. germanica workers trapped at Capitol Square and V. maculifrons trapped at Verona Orchard because these species at these sites gave us the largest samples. To control for seasonal differences in overall trap catches, we normalized the catch of each species at each trap within a trial by dividing it by the mean per-trap number of that species caught at IBϩAA during that trial. This procedure assumed equal levels of attrac-tiveness of IBϩAA to yellowjackets during both trials. Species means for each treatment were compared across the two trials using a one-way ANOVA (SAS Institute 1999) .
To compare relative species abundance among sites, the overall trap rate across trials 1, two and three was calculated for each species at each site from the catches at ED, HC, HL, IBϩAA, and control (the treatments common to all three trials). The total catch at each trap in each trial was divided by the number of days that traps were out in that trial: trial 1 ϭ 19 d, trial 2 ϭ 16 d, trial 3 ϭ 16 d. This yielded the pertrap-day catch rate for each trap, from which mean per-trap-day rates of capture were calculated for each species at each site. One-way ANOVA (SAS Institute 1999) was used to compare means across species and sites. If, for a given species, more than one-third of the treatments at a site across the three trials attracted no wasps, any signiÞcant effect was interpreted cautiously.
Results
Attractiveness of Aged Pear. Vespula germanica workers typically began visiting the pear baits within Þve minutes of the start of each trial. In 45 trials of 30 min each, a total of 92 individuals were caught at pear baits. The null hypothesis, that attractiveness does not vary with pear age, was rejected (chi-square ϭ 15.7, df ϭ 2, P Ͻ 0.001). The middle stage of pear bait (24 h) had signiÞcantly more visits (48) than either the freshest (0 h: 22 visits) or the oldest baits (48 h: 22 visits). During the trials a thin skin formed over the surface of the baits.
Attractiveness of Volatile Chemicals. In all four trials, run for a total of 67 trapping days, all traps caught totals of 4,325 Vespula spp. workers, 205 Vespula spp. males, 122 Dolichovespula workers, and 39 Polistes workers. No queens of any species and no honey bees (Apis mellifera L.) or bumble bees (Bombus spp.) were caught in any of the traps. Various dipterans, hemipterans, lepidopterans, coleopterans, and orthopterans were caught in low numbers.
Trial 1: Attractiveness of Chemicals in Attractive Food. In this trial 124 workers of three Vespula species were trapped (Table 1 ). Both V. germanica and V. maculifrons were more strongly attracted to IBϩAA than to the control. At Capitol Square, HL and HC attracted larger numbers of V. germanica than did other treatments, although not at levels signiÞcantly above the control. V. vidua (Saussure) was more strongly attracted to ED than to IBϩAA or to the control. Dolichovespula maculata, D. arenaria (F.), and Polistes fuscatus were caught only at IBϩAA, but not at levels signiÞcantly above the control. No males were caught. Across the two sites, HL, HC, and ED attracted more Vespula spp. than did the other compounds tested. Therefore these were selected for further testing in trials two and 3.
Trial 2: Comparison of Attractive Chemicals. In this trial, 1,868 Vespula workers of three species were trapped (Table 2) . V. germanica and V. maculifrons were more strongly attracted to IBϩAA than to the control at all three sites, as was D. maculata at Vilas Zoo. Although at Capitol Square HL, HC, and ED attracted more V. germanica than did the control, the differences again were not signiÞcant. These compounds appeared to be less strongly attractive to V. maculifrons. V. vidua was not at all attracted to IBϩAA, but was trapped at ED, although not at levels signiÞcantly above the controls. D. arenaria, and P. Mean (ϮSE) numbers of wasps caught in 60 traps baited with 1 ml of chemical. Four replicate traps per treatment at each site. Total ϭ total numbers of wasps trapped. Values within a column followed by the same upper (lower) case letter do not differ signiÞcantly from one another at P Ͻ 0.05 (P Ͻ 0.10). Columns with total values of less than 10 were not analyzed statistically. All trapped species are included. All trapped wasps were workers. V.g., Vespula germanica; V.m., V. maculifrons; V.v., V. vidua; D.m., Dolichovespula maculata; D.a., D. arenaria; P. f., Polistes fuscatus; ED, 2,4-ethyl decadienoate; HL, hexyl alcohol; HC, hexyl acetate; IBϩAA, isobutanol with 0.5% acetic acid in drowning solution; C, control with empty cap. fuscatus were also taken, primarily at IBϩAA, but in numbers too small to analyze. No males were caught in this trial.
Trial 3: Effect of Acetic Acid. In this trial, 1,508 workers of V. germanica and V. maculifrons were trapped (Table 3) . Again, both were more strongly attracted to IBϩAA than to the control at both sites. P. fuscatus was also attracted to IBϩAA in signiÞcant numbers at both sites. At the Verona site, both D. maculata workers and V. maculifrons males were also signiÞcantly more attracted to IBϩAA than to the control. The only other treatment that was more attractive than the control was the control with acetic acid (CϩAA) for P. fuscatus at the Verona site. Twelve males of Vespula spp. came to traps baited with IBϩAA.
Results of ANOVA comparing the outcomes of trials two and three showed that adding acetic acid to ED, HL, HC, and the control had neither a trial effect nor a trial ϫ treatment interaction. Acetic acid did have a signiÞcant treatment effect for both species (V. germanica: F ϭ 3.33; df ϭ 3, 28; P Ͻ 0.05; V. maculifrons: F ϭ 8.63; df ϭ 4, 32; P Ͻ 0.001), but especially for V. maculifrons, where it consistently enhanced attraction. When analyzed treatment by treatment, however, the effect was signiÞcant only for the control (V. germanica: t ϭ 2.77; df ϭ 28; P Ͻ 0.01; V. maculifrons: t ϭ 4.04; df ϭ 32; P Ͻ 0.001) (Fig. 1) .
Trial 4: Comparison of Structurally Related Compounds. In this trial, 825 workers of V. maculifrons and V. germanica were trapped (Table 4) . As in the other trials, both species were more strongly attracted to IBϩAA than to the control at both sites. Both were also attracted to 2MB, but in marginally signiÞcantly higher numbers than to the controls. Male V. maculifrons were also strongly attracted to IBϩAA and more weakly, but signiÞcantly, to 2MB. Workers of D. maculata and P. fuscatus, as well as males of V. germanica were also trapped at IBϩAA and 2MB, but their numbers were too small to yield statistical signiÞcance.
There was no signiÞcant difference in overall catch rates among the three sites (Fig. 2) . However, catch rates differed signiÞcantly between Capitol Square and Verona Orchard for V. germanica (t ϭ 3.40; df ϭ 127; P Ͻ 0.001) and for V. maculifrons (t ϭ 2.97; df ϭ 127, P Ͻ 0.01). Catches at Capitol Square were dominated by V. germanica, while V. maculifrons dominated at Verona Orchard. Vilas Zoo, the suburban site, more closely resembled Capitol Square, the urban site, in that catches were dominated by V. germanica while V. maculifrons was rare. The remaining species were taken at so few treatments that differences in their distributions among the three sites could not be reliably analyzed.
Discussion
Attractiveness of Aged Pear. Pears and apples are climacteric fruits, which means that they experience increased respiration during ripening (Paillard 1981) . Associated with this rise in respiration rate are an increased production of certain volatiles, especially esters (Paillard 1981 , Shiota 1990 ), a decrease in certain amino acids, and an increase in sugar content (Eskin 1990) . The increased sugar content of older pears should provide a greater energy reward for foraging wasps. The signiÞcantly greater attractiveness of the 24-h pear compared with the fresh (0-h) pear suggests that the volatiles produced at this stage of ripening could serve as a cue to foragers of the higher concentration of sugar.
Attractiveness of Volatile Chemicals. We found that Vespula germanica and V. maculifrons were strongly attracted to isobutanol plus acetic acid (IBϩAA). V. germanica has been trapped at IBϩAA in Washington and Maryland, as has V. maculifrons in Maryland and Oklahoma (Landolt 1998 , suggesting a consistency in this trait across the breadth of the North American ranges of these two species. Other species in the V. vulgaris species-group that are attracted to IBϩAA include V. pensylvanica in Washington State and V. squamosa in Maryland and Oklahoma (Landolt 1998 . Curiously, V. vulgaris and V. flavopilosa Jacobson, two other members of this group, have been taken at IBϩAA-baited traps only in very low numbers or not at all (Landolt 1998 , current study), despite the occurrence of each in Wisconsin plus at least one of the regions surveyed by Landolt and collaborators. Their virtual absence from three independent studies suggests that IBϩAA is not an attractant for these species, rather than that they were not available to be sampled.
We found V. vidua, a member of the V. rufa group, not to be attracted to IBϩAA. Although our sample of workers was small at only 39, just two of these showed up in IBϩAA-baited traps, while the rest came to ED, making this species unique among the six in our study in being more strongly attracted to a chemical other than IBϩAA. Of 2,310 social wasp workers in four genera taken mainly at IB-and IBϩAA-baited traps in the three states surveyed by Landolt et al. (1999) , none were members of the V. rufa group. Although species in this group form small colonies and therefore cannot be expected to be trapped in great abundance, our results with V. vidua, taken together with the data from LandoltÕs group, suggest that the six North American members of the V. rufa group are not attracted to IBϩAA.
We found, as did Landolt et al. (1999) , that Dolichovespula maculata was strongly attracted to IBϩAA. While sample sizes of D. arenaria were too small for analysis, probably at least in part because colonies are small and not common, the fact that eight of the nine workers we trapped came to IBϩAA suggests the same attraction. Polistes fuscatus was also most strongly attracted to IBϩAA. This combination has been shown to be attractive to this species and to four other congeners (Landolt 1999 .
The attraction of male yellowjackets to IBϩAA has not been previously reported. The large number of male V. maculifrons that came to our traps stands in contrast to the very low number of V. germanica taken, despite the fact that workers of these two species were trapped in comparable numbers in the last two trials. It is unlikely that male production by colonies of V. germanica lags seasonally so far behind that of V. maculifrons as to explain this difference. Rather, the difference suggests that males of the two species differ in their attraction to IBϩAA. It is curious that neither Landolt (1998) nor Landolt et al. (1999) reported trapping males of any species, despite some of their trialsÕ lasting into mid-September and mid-October in Washington and to mid-November in Oklahoma. Landolt et al. (1999) reported that in Washington State in April and May queens of V. pensylvanica and V. germanica came to traps baited with IBϩAA. These were clearly overwintered queens that forage for food on their own until their Þrst worker offspring emerge later in the spring. In contrast, although our trials three and four were conducted late enough in the season for colonies to have produced males, no gynes turned up at any of our treatments. Trials run late in the season by Landolt and coworkers similarly attracted no gynes (Landolt 1998 . The lack of attraction of vespine gynes to traps in late summer probably reßects the fact that late summer gynes are fed in their natal colonies rather than foraging on their own.
IBϩAA is attractive to workers in at least four genera (Vespula, Dolichovespula, Vespa, Polistes) and to males and queens of some species of Vespula. It is clearly a strong attractant to a wide range of species. Yet the apparent lack of attractiveness of this combination to V. vulgaris, V. flavopilosa, V. vidua, and V. atropilosa (Sladen) raises the intriguing possibility that these species exploit ranges of carbohydrates that are qualitatively different from those used by the other species.
After IBϩAA, the most attractive chemical for both V. germanica and V. maculifrons was 2-methyl butanol (2MB). It was also the second most attractive compound for V. maculifrons males. The attractiveness of 2MB may relate to its structural similarity to IB: each has an alcohol group on the Þrst carbon and a methyl group on the second carbon. Testing additional chemicals with similar structures promises to yield insights into the speciÞcity of receptors used by foraging yellowjackets to detect food volatiles.
We found that adding acetic acid to the drowning solution had no measurable effect on the attractiveness of ED, HC, or HL to V. germanica or V. maculifrons. This contrasts with the enhancing effect of adding acetic acid on heptyl butyrate, butyl butyrate, and isobutanol (Landolt 1998 ). Our result is especially surprising in view of the fact that we found, as did Landolt (Landolt 1998 , that adding 0.5% acetic acid to the drowning solution of unbaited traps signiÞcantly enhanced the trap rate of some species. Isobutyl acetate (IA), a reaction product of acetic acid and isobutanol, attracted only a small fraction of the number of foragers attracted to IBϩAA, indicating that it is not the chemical product of the two that is attractive, but that the chemicals act together as two distinct cues. These facts suggest that some food volatiles may modulate the stimulatory or inhibitory effects of others at the level of the olfactory receptors or the central nervous system.
The variation we found in species composition among sites is consistent with the results of others showing that V. germanica does well in urban habitats, while V. maculifrons does well in rural areas (Parrish and Roberts 1982 , Keyel 1983 , Reid et al. 1995 . The establishment of V. germanica in southern Wisconsin appears to have displaced V. maculifrons from urban areas, where it used to be more abundant (R.L.J., unpublished data).
Despite our failure to discover an attractant chemical in ripe pear that can compete with isobutanol in strength of attraction, we believe that the search for strong attractants among the volatiles emitted by foods exploited by yellowjackets continues to hold promise. Isobutanol and acetic acid are both found in foods that yellowjackets Þnd attractive, including molasses, fruits, and sugars (Macku and Jennings 1987 , Maarse 1991 , Godshall et al. 1995 , Landolt 1998 . Given the synergistic effect of small amounts of acetic acid added to traps baited with isobutanol, heptyl butyrate, and butyl butyrate, future success in developing Ôsuperat-tractantsÕ may hinge on Þnding just the right combinations of attractants that are modest in their effects when used alone.
